Prior studies suggest that Corynebacterium jeikeium bacteremia in immunocompromised patients results in frequent morbidity that may be decreased by prompt removal of the indwelling catheter. To summarize recent experience, charts of 53 bone marrow transplant recipients with Hickman catheters and C. jeikeium bacteremia were reviewed. Forty-one patients were treated with vancomycin without catheter removal and 10 patients underwent catheter removal with subsequent vancomycin therapy. No patient in either group died with C. jeikeium bacteremia as the proximate cause. Salvage of the intravascular catheter was successful in 38 of 41 (93%) attempts. Three patients (7%) in the cathetersalvage group and one patient (10%) in the catheterremoval group experienced recurrent bacteremia. In both catheter-salvage and catheter-removal groups, median time to negative blood culture was 2 days. Thus, time to clearance of bacteremia and patient clinical outcome did not differ between treatment groups. In many patients with Hickman catheters, C. jeikeium bacteremia may be treated successfully with vancomycin and without removal of the catheter. Bone Marrow Transplantation (2001) 27, 445-449. 
stays of the therapeutic approach in bone marrow transplant centers. However, infectious complications of indwelling catheters occur commonly, including exit site infections, tunnel infections, bacteremia, and fungemia. 6 Catheterrelated infections occur at an estimated rate of 10.3 infections per 1000 catheter days, and catheter-related bacteremias occur at an estimated rate of 5.3 bacteremias per 1000 catheter days. 7 Management of catheter-related bacteremia is controversial. For some organisms, catheter removal is recommended in addition to antibiotic treatment to eradicate infection. 8 However, replacement of indwelling catheters is associated with morbidity, and may not be necessary in all cases. 8 To develop guidelines for the management patients with Hickman catheters who develop positive blood cultures for C. jeikeium, we reviewed charts of patients with Hickman catheters and concurrent C. jeikeium bacteremia at a major bone marrow transplant center.
Methods

Study patients and case identification
This retrospective study included bone marrow transplant patients at the Fred Hutchinson Cancer Research Center in Seattle between 1 January 1994 and 31 December 1998. Standardized procedures were used for conditioning, transplant, and management of infectious complications. 9 Blood was routinely drawn for culture from patients with temperatures greater than 38.5°C or with clinical evidence of bacteremia or soft tissue infection. Furthermore, any patient treated with high-dose corticosteroids (intravenous methylprednisolone, 2 mg/kg/day or more) had blood cultures drawn three times a week when an inpatient and once weekly when an outpatient. Bacteremia in patients with Hickman catheters was initially treated empirically with a regimen including intravenous vancomycin. In general, catheter removal was recommended for patients with evidence of local catheter insertion site infection or persistent bacteremia.
The microbiology database was searched for all positive blood cultures for C. jeikeium during the study period. Patients were included in the study group if they had C. jeikeium bacteremia without signs of local catheter site infection. Culture data from all sites within a 6-day window period (extending from 72 h before to 72 h after the positive blood culture) were also extracted. In addition, all blood culture data for the duration of the patients' clinical care after the C. jeikeium bacteremic episode were reviewed. Recurrent bacteremia was defined as C. jeikeium bacteremia occurring after a documented negative blood culture in a patient treated with vancomycin.
Demographic and clinical information were abstracted from a standardized clinical database and patient charts were reviewed to determine reasons for blood sampling, management of bacteremia, and patient outcome. Clinical decisions regarding removal of the catheter were made by the attending physician. If a decision was made to administer vancomycin for line-associated C. jeikeium bacteremia without removal of the catheter, the patient was considered to be in the catheter-salvage group. If the line was removed or dislodged within 10 days of documented bacteremia, the patient was considered to be in the catheter-removal group. Reason for death was abstracted from patient charts by two independent reviewers (DM, CW).
Microbiology
Blood was drawn into two standard bottles designed to contain 10 cc of blood per bottle (PML Microbiologicals, Tualatin, OR, USA) and an isolator tube containing a red blood cell lytic agent (DuPont, Wilmington, DE, USA). The aerobic bottle contained 40 ml of brain-heart-infusion broth supplemented with 0.035% sodium polyanethol, carbon dioxide, and powdered activated charcoal. The anaerobic bottle contained 40 ml of tryptic soy broth with 0.035% sodium polyanethol, carbon dioxide, a reducing agent, and oxygen-free nitrogen. Both bottles were incubated for 5 days using the Organon Technika Bact-Alert (Organon Technika, Durham, NC, USA) system. The contents of the isolator tubes were centrifuged, and the sediment inoculated onto agar plates which were assessed daily for 5 days.
C. jeikeium was identified by Gram-stained films of blood cultures demonstrating characteristic Gram-positive rods, and confirmed using the API Coryne biochemical identification kits (API-bioMérieux, Hazelwood, USA).
Results
From 1 January 1994 to 31 December 1998, 4139 (8.6%) of 48187 blood cultures were positive for microorganism growth. Ninety-three (2.2%) of the 4139 positive blood cultures were identified as C. jeikeium in this 5-year period. Fifty-three (2.6%) of 1963 patients admitted to the Fred Hutchinson Cancer Research Center during the study period had at least one blood culture positive for C. jeikeium without signs of local catheter-site infection. The 5-year study period was chosen to provide feasibility of chart review and an assessment of recent trends. Demographic and clinical characteristics of the 53 patients are presented in Table 1 .
Five patients (50%) in the catheter-removal group and 15 (36%) patients in the catheter-salvage group had at least one other organism isolated from the same blood culture positive for C. jeikeium. The proportion of mixed cultures was not statistically different in the two groups (P = 0.6). Nineteen patients had urine cultures taken within 72 h of the positive blood culture for C. jeikeium; none of these cultures were positive. One of 17 patients with lower respiratory cultures obtained within the defined window period had C. jeikeium isolated. This patient died of pulmonary mucormycosis. All patients had negative oral biopsy cultures and fecal cultures for C. jeikeium. One of five skin cultures grew C. jeikeium; this patient had severe cutaneous manifestations of graft-versus-host disease.
Outcome and management of the 53 patients are summarized in Figure 1 . Forty-one patients received a median 10 days (range, 1-19) of vancomycin, without removal of the catheter. Ten patients were managed with removal of the catheter and a median 14 days (range, 10-30) of vancomycin. Two patients did not receive specific antibiotics for C. jeikeium.
Of the 41 patients in the catheter-salvage group, 20 were discharged from hospital and 21 died. Three discharged patients experienced recurrent bacteremia. In one, recurrent bacteremia prompted replacement of the catheter. Interestingly, C. jeikeium bacteremia recurred in the setting of this second catheter, but responded to further therapy with vancomycin. In the other two patients, treatment with vanco- mycin was repeated with good clinical response and negative follow-up cultures. None of the patients developed complications of C. jeikeium infection, such as endocarditis or meningitis. Of the 21 patients in the catheter-salvage group who died, 10 did so within 14 days of C. jeikeium bacteremia and 11 died a median of 62 (range, 17-782) days after the bacteremia. Reasons for death in patients who died early are listed in Figure 1 . Of seven patients who died of infection, all had potentially fatal pathogens isolated other than C. jeikeium bacteremia, and two patients with clinical sepsis had documented negative blood cultures for C. jeikeium bacteremia prior to death. Therefore, C. jeikeium infection appears to be an unlikely cause of death in these patients. Thus, treatment of C. jeikeium bacteremia with vancomycin and without catheter removal was successful in 28 of 41 (68%) attempts and was possibly successful in an additional 10 (25%) attempts, although early death precluded definitive assessment of catheter outcome. In 10 patients, catheters were removed within 14 days of the positive blood culture for C. jeikeium. Reasons for removal included catheter malfunction (n = 3), and simultaneous bloodstream infection with Candida species or coagulase-negative Staphylococci (n = 6). In only one instance was C. jeikeium bacteremia documented as the reason for catheter removal. One patient in the catheterremoval group developed recurrent bacteremia with the second Hickman catheter which was successfully treated with vancomycin. None of the patients in the catheterremoval group died within 14 days of bacteremia. Four patients died a median of 47 days (range, 24-82) after C. jeikeium bacteremia of transplant-related complications.
Duration of bacteremia could not be precisely defined for most patients because blood cultures were not obtained on consecutive days after the initial positive culture for C. jeikeium. Eight patients in the catheter-salvage group and three in the catheter-removal group had documented clearance of bacteremia in 1 day. Sixteen of 41 patients in the catheter-salvage group and five of 10 patients in the catheter-removal group had multiple blood cultures positive for
Bone Marrow Transplantation C. jeikeium prior to completing a course of vancomycin. Thirty-five patients in the catheter-salvage group and nine in the catheter-removal group had follow-up negative blood cultures without recurrent bacteremia. In both the catheterremoval and catheter-salvage group, the median time to negative blood cultures was two days (range, 1-10).
Overall, recurrent bacteremia developed in four patients a median of 19 days (range, 10-54 days) following the initial isolate. No differences were noted in the clinical characteristics of patients with and without recurrent bacteremia, although small numbers limited the usefulness of such comparisons (data not shown).
Discussion
In this study of 53 patients with C. jeikeium bacteremia, salvage of Hickman catheters with vancomycin therapy was successful in 38 (93%) of 41 attempts. Only three (7%) patients with attempted catheter salvage had recurrent bacteremia and in two of these patients, a repeat course of vancomycin resolved the infection. In both groups the median time to negative blood cultures was 2 days. From these data, C. jeikeium bacteremia appears to clear quickly and recurs infrequently with vancomycin therapy, even when the intravascular catheter is maintained.
C. jeikeium bacteremia was not the main cause of death in any patient. A potentially fatal infection distinct from C. jeikeium bacteremia was documented in the seven patients in the catheter-salvage group who died within 14 days of bacteremia. In the presence of multiple infections, the specific contribution of C. jeikeium bacteremia to patient death was difficult to establish.
Since the use of indwelling catheters in cancer patients became routine in the early 1980s, many studies have addressed the management of catheter-related bacteremia in oncology patients. Such studies emphasize the importance of considering the specific organism involved in a catheter-related infection when making therapeutic decisions. For Gram-negative catheter infections, particularly P. aeruginosa, catheter removal is usually required. 10 Similarly, catheter infections with S. aureus,
11
Bacillus species, 12 and fungi 13 may respond poorly to antibiotic therapy alone and often require catheter removal for eradication of infection. In contrast, many authors have reported successful treatment of coagulase-negative Staphylococci catheter infections with antibiotics, obviating the need to remove the catheter. 14, 15 Few studies exist addressing the appropriate management of C. jeikeium catheter-associated infection. In a 1979 study of 32 cases of C. jeikeium bacteremia, Stamm et al 2 reported that of nine patients who retained their catheters and received antibiotics as treatment for their bacteremia, five died. In contrast, all eight patients who had their Hickman catheters removed survived. Other authors have reported the characteristic slime production of this organism, possibly interfering with penetration of antibiotics into a site of infection and reducing efficacy of antimicrobial drugs. 16 As a result, some experts recommend that catheters associated with C. jeikeium bacteremia be removed. 17 However, in patients undergoing bone marrow transplant, peripheral cultures are rarely done because of underlying thrombocytopenia, risk of introducing infection, and considerations of patient discomfort. None of our patients had peripheral cultures drawn. However, catheter-related bacteremia seemed probable since most patients were febrile at the time of culture and had negative cultures from the lower respiratory tract, the urinary tract, and other sites. Although C. jeikeium has been described as the causative agent in pneumonia, 4 osteomyelitis, 18 and otitis media, 19 it is most commonly associated with the presence of an indwelling catheter. 20 The evaluation of patients in our study reflects the clinical setting of bone marrow transplantation.
Our study demonstrates that catheter-related C. jeikeium bacteremia in the absence of local infection may be successfully treated with vancomycin and without removal of the catheter in most patients. Recurrent bacteremia may also be successfully treated. Patient outcome and time to negative blood culture did not differ in the catheter-removal and catheter-salvage group, and no patient suffered severe sequelae of the infection. Thus, in this population of severely immunocompromised bone marrow transplant patients, C. jeikeium bacteremia appeared to be associated with low morbidity. Treatment of catheter-related C. jeikeium infection with vancomycin can result in catheter salvage, sparing patients repeated catheter insertions. Furthermore, while patient numbers were too small to provide definitive guidelines, the data suggest that the vast majority of catheterrelated infections treated with vancomycin alone resolve within 3 days. C. jeikeium bacteremia persisting beyond 3 days may be an indication for catheter removal.
